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STRUCTURAL HINGE-MOMENT INCREMENTS
. ..,

CAUSED BY HINGE-AXIS DISTORTION,, ,..

By”John V. Becker and Morton Co~p’er

. -:

smvrMARY ‘“ .,,-

An Investigation of elevators having three hinges
has been made to evaluate the structural hinge-moment
increments resuiting from changing the el~vator angle -
when the hinge axis is distorted under load. An “equa-
tion is derived relating the structural hinge-moment
increment to the elevator angle, to the strtictural
stiffness factors of the elevator and Stabi-li”zer,and
to the amount of hinge-axis distortion. The analytical
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results are compared-with test data obtained for & full-
scale semispan fighter-type.horizontal tail surface in

.— -.

the Langley 16-foot htgh-soeed tunnel. It is shown that
the structural hinge-moment increments increas”e the con-
trol forces required to produce given elevator deflections. .-=_
For large tail loads the structural hinge-moment incre-
ments+ are an appreciable fraction of ,the”total hinge “-—’—”-~-
moment.

-— .—
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INTRODUCTION

During an investigation’in..~theLangley 16.foot
high-speed tunnel of the”.aerod~”amic characteristics of
a full-soale semispan fighter-type production horizontal
tail surface having three hinges, “.te8ts_weremade to

.-

evaluate possible effects of friction at the hinges on
the accuracy of the hinge-moment data. Although the

.—

friction effects were found ,$0 be-negligible, a system-
atic variation of hfrigemoment with elevator angle was
found to occur when the tail was deflected-und6r static

——

load. This hinge moment was associated with distortion
of the hinge axis and the resulting misaline~ent of the

.
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hinges. When the elev=t~~-=~i”e was varied with the
hfnges daali~ed:J def.0~s$i,0n9 of,tith the eh2VELtO17 and
the stabilizer “structure occury.qd. The appltiation of
an ap~lreciable structm-~l-~~n~e moment was required to
deflect the..elevatorund~r:the’ss:~conditions..:.,..,.

The Purpose of th~s,p.%:er”is top”~~g$nt ~. analysis
that Fermitd” the a~proxinate calculation .of,the structural
hinge-moment ipc~emp~,s @orm= ‘kribwledg#‘of.the structural
character~~ljics’of the tail. The results of this analysis
are oom~ared with the structural hinge -w.omentincrements
measured an a full-scale tail. “.In order to illustrate
the magnitude of the structural hinge-moment Increments,
a comparison is made of the corrected ~erodynamic hlnQe-
moment coef’~icients with:the hinge-moment coefficients” 1
~ndfcate’d:in’:~f~d-tu~el testS of the full-scale tail.

..,- ,.. . .. . .

All&@h’l~&l preaqnt ahalysis referk’;?peci#ically
to -hori’zomta-l’$@_lSJ:it may be:applied” a~S.Qto v,5ng-
ailerbn-’”a”tij<~~,~>’>~+~er..combinations, “’ ‘ ‘..4“,’ . - :
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H hinge moment, ‘ ----.,,’,,”.’,: -,.,.
,.

free-air density”:‘.,‘: :.~~ “ “’ “
,-

P -’ ,... . ;,. , .-.

%
sea-lev”eldensity unde~standard conditions “

(00002378 SlU&3/CU ft)

v free airspeed
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vi
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~;nd.icatedairspeed V —
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chordwise stiffness, fact~r.of.elevator measured
at cent@. hinge Telative to end hinges, pounds
per inch, , .

chordwise stiffness factor of stabilizer measured
at centralhinge relative to end hinges, pounds
perinch

normal-to-chord sttffness factor of elevator
measured at’cen@al hihge” relative to end hinges,
“poundb”pe~.inch ,.

normal-to-chord stiffness factor” of stabilizer
measu-red’at centialhinge relative to end,hinges,
pounds per Inch ~

,. .
a~le of elevator chord with respect.to stabilizer

chord (.5positive for trai.ling;gdge down) .—
,.

perpendi~ular d$qtance
joining ,e,ndhinges;

_oe&oendicultird3stance

from cent~ hinge to line
elevator neqt,ral,(5.= 0°) .

from ceritz@hin~e to l~r+e
:.levdtor~tieflected... . .-.. -.

...

angle of ‘rotation of central hinge about line
joining end’~ifiges (fig; 1) , ~ . .

ANALYSIS

I . .

When a horizontal tail surface is deflected by lift
loads, the hinge axis is not a.straight line if more than
two hinges are used (fig. l).’ As the elevato.y angle is
changed; “the central hinge tends to be rotated eccentri-
tally about a line through the end hinges. If the_control -.
moment i.sassumed to be ap~.1.iq.d~}the inbo_ard,hinge, a -
hinge moment is introduced at this point by the force
acting at the central hinge. This force Is the sum of
the aerodynamic load carried,by the central hinge and
the structural force res”ult~ng $h5m resistance of the
central hinge to the deformation introduced when the
elevator is deflected, Me hinge-moment increment that
results from hinge-axis ,d~stortion thus consists of two
components ,onq aerodynamic and one structural. Because” ‘-–”--“-”=--
the chordwise, defqrma$ion of.the”hinge axis is ordinarily
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9XtiWmely’ small ,“the hinge -moment increment cauaed by the ,-
aerod:ynatic,lift on the “elevator:is usually negligibly
small: hence, only the hinge-moment ~ncremen~ arj.sing
from the structure.1forces is considered tn the present
Study: ’”””,, .“’. ””4,. .. .““.. ..”.,.

,. :,. 1.
It.is assumed that the basic vertical mlsalinement

of the central hinge ‘o (fig. 1) is known from calcul.a-
tion of th’eE!eflection ~i.irveof the tail.for the lift
load condition b~ihg investigated. The total ae?iddynatic
load used in talc-ulating d,

?
should.of course in”clude

the lc>adcarried by the ,defected elevator. The m~ments
of inertia used In evaluating however,‘o’

should corre-- .:
spend to the elevator-neutral. confi,gtiation.””‘Mle quant~ty-”
do is thus the vertiGal displacement of the central
hinge that would occur.i.fthe actual tafl load (elevatm??
deflected) were applied to the tail with elevator neutral.
The structural hinge moment for the elevator-neutral con-
d.ition,is assumed to be zero for.,all values of %“ Beyond
the de;terminstion of dp .no ‘further.consfdera’tlonneed
be given to “the air load. For simplicity, the elevator
may be visualized as car,~i’”ngno aip load ?inc,e,only the
structural hinge--moment“ificrement”sdue to hinge-axis
distortion are to be evaluated.

FWOm the schematic retir’ese,ntationof the deflected
elevator with distorted Hinge axis (fig: l“),“the’f“ollowin~
relationships can be determined;

,,

Chordwlse deflection of cent~al hin~e d sin (G - ~1
relative to undeformed elevator,

.Cogg,...i-’.- ,..::.” . ..- .<....,.. . .
No’imal“deflection of”central Mnge .“ “d<c~i”.!(b-

relative to “unde.foimed Sle”vato’r, dj ‘,
‘.. ... . . . .. .. ‘.!’..;:.,,.V...,..”c~sg.,:,.. .

, ,.,, ,., ,,., .. . . . .. . . . .

d COS (6 y.,,@)w,. , . , .,Eorma’1.fordel .“.’k,n?.,. ..- .. Cos-$” j’:..’””. :. ... }, -
,. . :., ,. .... . .’ .

The st-tiuetural”lfingehoment tn”duced’”’asa result “of the : .
deflection of “t%’ecentral hinge”Is gtven bytlie sum of..
the individual ‘mo’ment”a’’of-theMordwise. mdnomal-to-:.

.>..
:.

chord .forces”’:aboutithe axis thiouti the inboard and outboar”d-. -.. . —.. . ~
.&z : ~

*- -

;., .’ ‘~”““‘a. ..- ..-
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. hinges about which the control moment is assumed tQ act. .—-—
Thus ,

%
H = ~cd sin (5...- @) 5 Cos (5 -“.@) ,

~Cos $ -, .co~.$ .........
,,...--—-

.-----

_pd;cos (b _.~) d sin (5 - p) \
tin : Cos g — Cos $

or
. .

,., , .“

..
.-

,

In accordance with the aerodynamic si~n convention, thisA —..—
Hparameter ~, “is negative for positive eleva- ._.._

●
df (Ec - En)

tor an~les and is positive for negative eleva%r angles.
,,-------.-.-.-,:... ..— - .-

“’”Equatiofi(1) &cpresses the structural:,Q$&E moment
as a dimensionbss ..ga.ranieterthat i’s“Afunction’.of the 1
physical prdp”ertie’k,of the tails the elevator afi~le>
and the distortion of the hinge line. Tn order to evalu-

Ii ,.ate the parameter - 9 the angle “$$:and”the
. doz(Ec- -~n) ---. “- -...-

ratio d/dn r.us~ first be determined in ~erms of the
known stiff~ess factors and elevator angle. From t-e. .::;.::‘

equilibrium condition in ‘adirect.3.on parallel to the -
—

stabilizer chord, @ is determined by ““““”””-”””,~ ::-~~~.--.-;:, ‘—
,.,

d sin (6 - $3)COS 5-E d,cos (6.-.@)Sini5
Scd tan ~~> Ec Cos n

., ;, Cos$ ““ “----
,.

,,
!.

,.. .’ -
. .

,, . ..’..”,, ,.
—

.,

.,. .; -.’:., ,’
.

k -If..::’ ““ . . .
.
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or

@ = tan-l

.Fromthe”condition of’equilibrium “in a direc
to the stabilizer chord, d/~ is evaluated,

(2

tion normal
as follows

)

---~
..-_=...-

—. -*.—.—

r“

.—

Sn(do -d) = EC>
d sin (5-@) sin 5

(

dcos (6-#) COS~

. . .,“COS @
‘En%- ..

C-OS$ )

or

,., ‘% i .- . . —
+1

.—

~ .
— ,.. (3)

. . .

Figure 2 “~”r”esent”sa ~lot of “tie strueturai hinge-moment.
TT . . -.. .

,.’ n
narameter aghlns”t 6 for.representative

.d.~2 [~c - .En) . . ,. :.,.” E“””
values of Ec/’En ,and Sc/Ec.

~
lk.e two values,~.~ = .~@j-

E(5 ,,. n
and —- = 10~ f“or”which .thk curves of flgur,e2 were’ 1. ‘

E..
prepar~~d were the a?pioximate values measured f“ortwo .
full-sc@e,,fighte,r~ty:petal,ls, I-n.prepariVg figure 2 )
the ratio of’; “~or~lfi.~e -to norTa.~’”t~-tiffGe.3g f~r vile “.

-------- .

stabilizer was taken as equal to this ratio fur the
Ec Sc

elevatc)r; that is, These ratios “-weiifound expeTi-
<’= <“

nentall.y to be annroximateiy equal for a fi~hb-ty?e tail

.. . .-

—.

-. .+.-

.—

~
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. as is shown subsequently in “we section entitled l~Deter-
mination of Structural Stt’ffness Factors..11 Figure.2
shows that the effect of””re’ducing Ec~n is similar to

.-
%

increasing Sc/Ec . Tb8 upp.e.r-limitcurve of..:Sc/Ec in
figure 2 represents a?ainfinitely rigid.stabilizer having
an initial set do, in.which case the;structural hinge-
moment parame.tbr (equatioh {“l)):simpliYies to

H
~ sin 26.

‘2 Figure 2 also shows. that, for
do2(Ec - En) —
a fixe,d value o,f do (approx. fixed tall load), the
structural ‘hinge moments for tails having

—
Sc/Ec values

from about 3 to 10 reach a maximum at elevator angles
in the range 200 to 30°. Values of SCPC in this range
are believed to be repre,sentat.~ve”of current construction.
The ef’fectsof a change in the value of Et/En from 10
to 15 are negligible at high values of Sc/Ec but of
appreciable magnitude at the lower values of Sc/Ec .

●

Tnasmuch as the dimensionless hinge-moment parameter
..r Ii

involves the square of the vertical mis-.
%2(EC - En)
alinement( ~, the structural hinge”moment H increases
as the square.of,the vertical misalinetnent for a given
elevator and elevator angle. In addition, since ~’is
approximately a linear function of the total tail lift
10ad, the structural hinge moment therefore varieq approxi-
mately as the square of the tail lift load.

From equations (l), (2), and (3), .the difference .
between chordwise and normal stiffness factors can be
shown to have a significant effect on the structural hinge
moment. :Because the chordwise stiffness factors are
considerably larger t&an the normal stiffness fa.ctors~.... ._ _
it is evident that apprecia,ble,.reductions in structural”
hinge moment would result from reducing the chordwise
stiffness factors. This reduction might be accomplished

● by mounting the central hinge,bracket to permit a lzmite.g” _ - “.
degree ot freedom in the chor.d~se plane.

3 The analysis as pre,sente”dc“& be adapted to stabilizer-
elevator, wing-aileron, ~d fin-rudder combinations having
three hinges located as,shown,in figure 1. The results
may also be applied if the inboard hinge is located on
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the center’line of the afrplane. and is a sommon hl.nge for
both tail surfaces. ~Tf:each of the two .tal.L.,s~mfaces
contains three Mn.ges ad, Is attached t~ the, other by
a carry-over assembly through.-thecenter line of the
airplane, the accuracy of,the”results obtained by this
analvsi.pwduld depepd upon the flexibility of’”~h’?caTr’$~ “
over assembly. The torque-tube assembly in the”carry-
over region usually” has”only a small fraction o“~he
chordwise sttffness of the elevator, and therefore the
analysis is considered valid ‘asa first approxim”&tfon”four
this type of installation.

DETEIW’@ATIO.N OF STRI?CTUML STIFFNESS FACT&S
.,, ..,,

~.e”u”~e:’o’fthe fare~~in~ tial.vsik to estimate the .
structural,hin~e.-moment ~nc”r~ments”require”s a howledge ;
of the cho~dwise’and normal-to-chord stiffness ~actors
of both the iwtabilizer.atidthe e“leva”tor. These f“ac”tors”
usually Involve not only the stiffness of the primary
structure &nd the bkin but also, to “r.large extent, the
stiffn:?.ssof .attj~chmentof the b.j.ngebracketa. It 19
obvious, therefore, “that thesefactors should be ddt’er-”
mined 9xperimentQll~. For either the stabilizer or the 3,.
elevalj~r the factors.may be+easily,f.d~termined by support@g.,
the surface at the end hln~es. and auplying lo@~ at the
central hinge.,in both the chord.vdse Srd.normal-to-chord

‘!2

planes and by.meashring the corr~.pp~nd&ingdeflections at
the central hinge. :. ,

. ..,
. ..

~jl .qddition to the ktif”fhes$‘fat’tor:s,the analysis
requires a .lmo~~,edgeof the misalipement do of the
central hinge .fiithjres~ect to a s;$r.alg.htline”through the
inbosmi and outboard hinges for.t~e ~tilevat.or-neutral“con-
dition, This,value can,be easil~,,.de,termi.nedfrom the
elastic .def’.lectimcurve oflthe ~.tailsurf~~ce..,Aspre’-
viousl;?discussed> the Ncnnents.,Qfi.~e~t,ia’used In the
calcull~.tioqashou’ldcor”rtiBpondl,.~plth.e”.elbv”ator.~”neutral
settin~~,-but,tihplif$:lo-adsuspd.“&h&ildbe t~ose for
the actual design co,nfig~ra,ttb”n”lbping” fnve”stlgated.;,......

..

S-zlffness fectors ‘hsve’be’en”&.asured fo’Pt& tfilcal
.produczton.fi@~er.-Lype hQr.iZOnitS_ltail surfaces.. ~qi,l1,
shohn in$~g~.e13} has ,a ~0~’.e~oeii’fi~ch@inte”rfiti}l~-”, . ,
balinced,.ele”vaforand.fias.pe.sign~d.~or a“12.,,C)OO>@,ou”k@;
jet-propallp~ alrp’1’ane.o ‘Tail,2?.fl.gyrp,4, h.as;.a”~8-:p.e~-pOni:
chord .~>levatorwith an e“knosed o-verhang t.~e.’of’a-ero”d~rnati’c

--
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. .. . .
. balance and was desi&ed for a ~,000-poand jet-propelled

airplane. The stiffness factors for the stabilizer of
tail 2 were.not obtair+ed. The following table shows the ._~

\ stiffness factors me~,sur~d for the two tailss

,,
-.

. ,-
,,

Tai1 Ec }Sc . En; Snr

1 6,300 17,900 580 1,735’;

2 1~.,30Q “------ 950- ,----:
.:. , ., ,.

?,, .,,

7.

.. ..

.
!.

,
.;”- ;-
.,.

me stiffness-factor.’ratios for cnmpaison with those I ---–
used in preparing figure 2 arei “ ...

,.
:’

~~~ %stirrated from comparison of measured .. -.... -
,.r

structural hinge ’tiomafits.’withanaWtic~l
re-suits:shown .In figvr6”-2. - ----

The ratio Sc/’Sn is closely equal”to Ec/Zn (see pre-

ceding table) as assumed in the p%?~rati.o.n Qf figure “~s ..
f ““

.,

COtiPAti~SONO~:”CALCULATED-AND MEASURED
,.,,-,-.,

ST+UCTURALXINGE K03MENTS.. . .— —,..
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htnge bracket sand. by apblying a load at–the’central
hinge, “The measured stiffnessfector~” corresponded to
the cc)ndition of positive. e“le.vatorr“deflections with a
net down load on .%he “tail.. . .

Ry use of the rneas~l?ed”stiftnegs factors for the
positive elevator angles’,s,titiucturalhinge moments were
calculated ~rom e,qpatign,s.(1), (2),.and (3)..,The calcu-
lated results are”compared with the experimentally deter-
mined structural hinge r~oments in figime 5. T@e agree-
ment for posttive elevator angles is. considered satls-
faotory.

........ .
F’~-tifiegat”iveelevator angles, the apparent

dlscropancy afabout 2Q percentis taken to ‘indicate
that i-ihestiffness factors for positive deflections which
were used in the calculat,lons differed appreciably from
those for negative deflections. -Ihifortunately tills
result was not discovered in time to ~ermit measure-
ment cjfthe stiffness-factors for neqati.ve elevator
angles. The trend of.the experimental curve -for?abgat@e
an#les agrees well with tha calculated curve In”spite of
the 20-nereent discrepancy in the values of the’calcu-
Lated hinge momen~

.,..
The peak v.al,u,e,of the.structural himge moment was

about 25 in”ch-pounds for the test tail semispafiload of -
1200 youndsr For the design semispan load of 3900 pounds,
the st,ructurilhimge moment would.be approximately

()

25 ~$loo 2
or 26J inch-pounds.’

1200 .—

. . .

O@MFART$OK’QF STKUCT’CJRAL’HINGE-MOMENT

ING.~l,~hqS WITH &ROD~’AMIC 13114GE,MOKEl~S
. .. “..,.., -—

In order to co’mparethe ti~gnitude of the structural
hinge-moment increments with values of the aerod;mamic
hinge moments, structural hinge-uor~ent i.ncreme.nts.fqr
tail 2 (ftg. ~) i~ere reduced to hinge-moment ~coeffi.ci,ent-
form for a representative Indicated airspeqd.of 3~8”~mi~.6.s
‘pe~r‘hcur, Aerodynamic data .for the tail surfsce @t.a@XX
frotitests in the Langley 16-foot-high-speed ”t~nnel.wera
used “tooownute the loads and the correspondi~ hinge- ,,,:
li”nedeflections for a range of angles af attack .““ ,,,,

..- ., -.,.~.
.. . ....,., .... .-

,, .,~..::..-”.-~>.
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and elevator angles.
htngermornent data for
corrected aerodynamic
data minus structural

-1-1
L-L

~gure. 6 presents tke wind-tunnel
the tail and, for comparison, the
data (wind-tunnel hinge-moment .—
hinge-moment iricrerlents). Since “–- —

for a given tail and elev=tor angle the magiii”~udeof the
structural hinge moment is dependent only on the load on
the teil, lines of constant load have been su~erimposed
on the hinge-moment-coefficient curves of figure 6 to
show the effect of load on the s-tructuralhinge-moment -
increments. The design load of the semispan tail tested
was about 8500 pounds. The structural h~nge-rnornentincre-
ments are an appreciable part of the total measured hinge -
moment at large tail loads and at high elevator deflec-
tions. The effect of the increments is to increase the
control forces required to ?roduce a given elevator
deflection.

._._._,

CONCLUSIONS

An investigation of elevators having three hinges
has been made to evaluate the structural hinge-moment

..—

Increments resulting from changing the elevator angle
when the hinge axis is distorted under load and indi-
cates the following coriclusions: .— —_

1. The structural hinge-moment increments can be
calculated from the analysis presefited in this repcmt
provided the following structural characteristics are
known: .

(a) The normal-to-chord and chordwise” stiff-
ness factors of elevator and stabilizer measured at” ‘-
the central hinge with respect to the end hinges

(b) The elastic deflection curve of the tail
surface with elevato~ neutral for the lift load
condition being investigated —....—

2. For a given misalinement of the hinges the
structural hinge-moment increments increase indefinitely
as t-heelevator chordwise stiffness factor is increased,
Appreciable reductions in the structural hinge-moment

— ..

insrement can be effected by reducing the chordwise
-.

stiffness factor.
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2~. The structural hinge-moment increment,for a fixed
=

.
elevator angle varies approximately as the square of-the
lift ].oadon the tall. ‘For a fixed tail load condition.-
the structural hinge-moment increments increase with - ..... t
inorestsing ele”vator angle until a maximum value is reached
at--elclvatorangles in the range of 20°,.to~O”. , m

4., The structural hinge-moment increments for a
full-~cale fighter-type horizo~tal tail surface tested “
in’the Langley 16-foot high-speed tunnel appreciably” “’
increased the control forces required to produce a
given elevator deflection at large tail .~oads aqd high
elevator angles. )-----

—

—-

-..—
Langley Memorial Aeronautical Laboratory

National Advisory Committee fQr Aeronautics
T.an.gleyE“ield,Vs., December 13, 1945
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